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Abstract
The ring system and small satellites of Neptune were
discovered during Voyager 2 flyby in 1989 (Smith et al.
1989). In this work we analyse the diffusion maps which
can give an overview of the system. As a result we
found the width of unstable and stable regions close
to each satellite. The innermost Galle ring, which is
further from the satellites, is located in a stable region,
while Lassel ring (W = 4000 km) has its inner border
in a stable region depending on its eccentricity. The
same happens to the Le Verrier and Adams rings , they
are stable for small values of the eccentricity. They
can survive to the close satellites perturbation only for
values of e < 0.012. When the solar radiation force
is taken into account the rings composed by 1µm sized
particles have a lifetime of about 104 years while larger
particles (10µm in radius) can survive up to 105 years.
The satellites Naiad, Thalassa and Despina can help
replenish the lost particles of the Le Verrier, Arago
and Lassel rings, while the ejecta produced by Galatea,
Larissa and Proteus do not have enough velocity to
escape from the satellite gravity.
Keywords small satellites of Neptune; rings of Nep-
tune; ring dynamics
1 Introduction
Six satellites of Neptune were discovered in 1989 during
Voyager 2 flyby: Naiad, Thalassa, Despina, Galatea,
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Larissa and Proteus (Smith et al. 1989). Proteus is
larger compared to the other five satellites, which have
radius smaller than 100km. Triton, the largest satellite,
and Nereid completed the Neptune satellite system un-
til the discovery of Hippocamp, the smallest satellite
(about 17km in radius, Showalter et al. (2019)).
Voyager 2 cameras also imaged a ring system formed
by Galle, Le Verrier, Lassel, Arago and Adams rings
(Smith et al. 1989). Adams ring is a narrow ring com-
posed by a sample of arcs named Courage´, Liberte´, Fra-
ternite´, Egalite´ 1 and 2. These arcs have shown varia-
tions in brightness. Le Verrier and Arago rings are also
narrow, while Lassel ring is larger and very faint. Galle
ring is the innermost ring 2000km wide. There is also
a co-orbital ring with the satellite Galatea (Porco et al.
1995).
Several papers have analysed the origin of the rings
of Neptune (Colwell and Esposito 1992, 1993) and the
history of the inner small satellites (Banfield and Mur-
ray 1992; Zhang and Hamilton 2008). It is also worth
to analyse the system nowadays and the connection be-
tween the satellites, specially the satellites close to the
ring system.
The goal of this work is to analyse the region encom-
passing the orbits of the small satellites and the ring
system of Neptune, as well as the interaction among
the satellites and the ring particles. The paper is di-
vided into 4 sections. In section 2 we briefly describe
the frequency map analysis (FMA) technique applied
for the satellites region and the results regarding the
diffusion maps. In section 3 we analyse perturbative
forces, solar radiation force and plama drag, acting in
the ring particles and the roˆle of each satellite in pro-
duction ring material. In the last section we discuss our
results.
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2Table 1 Parameters of Neptune. Extracted from Jacobson
(2009)
Parameter
GM (km3 s−2) 6835099.502439672 ± 10
MN (×1024) 102.41 ± 0.01
RN (km) 25225
J2 (×10−6) 3408.428530717952 ± 4.5
J4 (×10−6) -33.398917590066 ± 2.9
2 Satellites’ region
In this section we analyse the region encompassing the
orbits of the small satellites and the rings through the
FMA technique. The FMA is useful in identifying
chaotic regions in dynamical systems with arbitrary
degrees of freedom. FMA has been succesfully ap-
plied for several dynamical systems (Laskar 1990, 1993;
Nesvorny` and Morbidelli 1998; Robutel and Laskar
2001; Papaphilippou and Laskar 1998).
Following Muno˜z-Gutie´rrez and Giuliatti Winter
(2017) we construct diffusion maps by performing a
FMA of the quantity z′(t) = a(t) exp(i λ) for each
test particle in a grid of initial conditions covering
the Neptune’s satellites and rings region. We applied
the frequency modified Fourier transform (FMFT) al-
gorithm (Sˇidlichovsky` and Nesvorny` 1997) over z′(t) on
the adjacent time intervals [0, T ] and [T, 2T ], where T
corresponds to half of the total integration time. We
compare the main frequencies ν1 and ν2 from each time
interval in order to calculate the diffusion parameter D,
defined following Robutel and Laskar (2001); Correia
et al. (2005) as
D =
|ν1 − ν2|
T
,
The D parameter gives a measure of the stability of
the orbit of each particle , since the value of |ν1−ν2| will
be large for those particles in unstable orbits, whereas
if this difference is small the particle will be in a stable
orbit. The value of D is proportional to the value of
|ν1 − ν2|. To construct the diffusion maps, the value
of logD can be plotted in a diagram a × e, in colour
scale, for each initial condition of the particle.
We also calculated the diffusion time-scale (tD)
which is an estimation of the time required for a diffu-
sion of the orbit of the particle in the radial direction.
It can be given by tD = (DP )
−1, where P is the period
of the orbit of the particle.
The numerical integration was carried out through
the Mercury package (Chambers 1999) using the Burl-
ish Sto¨er integrator. The dynamical system is formed
by Neptune, and its gravity coefficients J2 and J4, the
satellites Naiad, Thalassa, Despina, Galatea, Larissa,
Hippocamp, Proteus and Triton and a sample of thou-
sands of massless particles. Table 1 gives the physi-
cal parameters of Neptune: mass (MN ), radius (RN ),
and the gravity coefficients J2 and J4. Table 2 gives
the physical parameters of the eight satellites. All the
simulations were perfomed at the Saturn Cluster of the
Group of Planetology and Orbital Dynamics at UNESP.
The initial positions and velocities of each satellite are
given in Table 4. These values were taken from the
Horizons website for the Julian Day 2457785.5, which
corresponds to the date February 1, 2017.
In order to eliminate the short periodic variations
due to the gravity coefficients of Neptune we transform
the positions and velocities of the satellites into the
geometric elements (Renner and Sicardy 2006). The
geometric elements given in Table 5 are the semimajor
axis a (×DAR), where DAR is the semimajor axis of the
Adams ring (DAR = 62932.7km (Table 3)), the eccen-
tricity e, the inclination I in degrees, and the angles
$, Ω and λ are the longitute of the pericentre, the lon-
gitude of the ascending node and the mean longitude,
respectively. The parameters of the ring system, semi-
major axis in km, width (W ) in km and optical depth,
are described in Table 3. All other orbital elements of
the rings, i.e. e, I, $, Ω and λ were taken as zero.
In order to produce the diffusion maps we performed
numerical integrations of the system for a total time of
104 orbital periods of the most external satellite. In the
range from 0.6004DAR to 1.29DAR the most external
satellite is Larissa, therefore the numerical simulation
lasted about 18 years. From 1.3DAR to 2.2009DAR the
most external satellite is Proteus, therefore the dura-
tion of the numerical integration was about 35 years.
A sample of test particles were distributed in a rect-
angular diagram, a×e. The initial values were adopted
as follows: i) the semimajor axis a was taken in the
range 0.6004DAR to 2.2009DAR, with a resolution
∆a = 3 × 10−4, ii) 0 ≤ e ≤ 0.04, with ∆e = 4 × 10−3,
iii) the inclination I, longitude of the pericentre $, lon-
gitude of the ascending node Ω and mean longitude λ
were assumed to be zero.
The diffusion maps were generated for the region
encompassing the orbits of the satellites Naiad to Pro-
teus. The position of each satellite is identified by a
black dot. In the following figures we describe each
region in details.
Figure 1 shows the region where the Galle ring and
Naiad are located. A coloured rectangle was plotted
in the centre of each initial value of a and e. White
rectangles indicate that the particle collided or was
ejected from the system. The location and ratios of
mean motion resonances (MMRs) with Naiad are in-
dicated with black dashed lines and with labels at
3Fig. 1 Diffusion map for Naiad region. Galle ring is located from 0.651DAR to 0.683DAR. The width of the ring can is
indicated in the figure as a horizontal line. Dashed black lines indicate the location of the MMRs with Naiad. Blue
colours correspond to stable regions, while redder colours denote unstable regions
Fig. 2 Diffusion map for Thalassa and Despina regions. Despina cleared the unstable region. The MMRs with Naiad (in
black colour), Thalassa (in dark blue), Galatea (in orange colour) and Larissa (in red colour) are indicated at the top of
the figure
4Table 2 Parameters of the satellites
Body GM (km3/s2) Mean Radius (km) Density (g/cm3) Reference
Naiad 0.013 33 ± 3 1.3 Karkoschka (2003)
Thalassa 0.025 41 ± 3 1.3 Karkoschka (2003)
Despina 0.14 75 ± 3 1.3 Karkoschka (2003)
Galatea 0.25 88 ± 4 1.3 Karkoschka (2003)
Larissa 0.33 97 ± 3 1.3 Karkoschka (2003)
Hippocamp 0.0003 17.4 ± 2 1.3 Showalter et al. (2013, 2019)
Proteus 3.36 210 ± 7 1.3 Karkoschka (2003)
Triton 1427.598 ± 1.9 1353.4 ± 0.9 2.059 ± 0.005 Jacobson (2009); Thomas (2000)
Table 3 Parameters of Neptune’s rings. Extracted from
De Pater and Lissauer (2015); De Pater et al. (2019)
Rings Location (km) W (km) Optical Depth
Galle 42000 ∼ 2000 ∼ 10−4
Le Verrier 53200 ∼ 100 3× 10−3
Lassell 55200 ∼ 4000 ∼ 10−4
Arago 57200 ∼ 100 ?
Galatea co-orbital 61953 ∼ 50 ?
Adams 62933 ∼ 15 ∼ 3× 10−3
Adams arcs 62933 ∼ 10 ∼ 10−1
the top of the figure. The solid black curves corre-
spond to the collision curves. The equations defining
such curves are as(1 + es) = a(1 − e) if a ≥ as and
as(1−es) = a(1+e) when a ≤ as, where a, e, as, es are
the semimajor axis and eccentricity of the particle and
the satellite, respectively. The values of the semima-
jor axis and eccentricity of the satellites were obtained
from Table 5. Particles entering this region will cross
the orbit of the satellite and will be likely ejected or
will collide with the satellite. Most of the particles be-
tween these curves will collide with the satellite before
the end of the numerical simulation. Since Naiad is a
small satellite, it will take longer time for clearing the
region between these two curves. Galle ring is located
between 0.651DAR and 0.683DAR, in a stable region
for almost any value of e.
Thalassa and Despina cleared up the regions between
the black curves in a short period of time (Figure 2).
Most of the region between these two satellites is unsta-
ble. Despina can hold a coorbital region for values of e
smaller than 0.01 (blue rectangles). The MMRs ratios
with Naiad (in black colour), Thalassa (in dark blue),
Galatea (in orange colour) and Larissa (in red colour)
are indicated in the top of the figure. Thalassa and
Larissa are close to the 17:18 MMR and Despina and
Thalassa are close to the 27:29 MMR. The inner edge
of the Lassel ring (0.845DAR) is located in an unstable
region overlapping the outer edge (0.846DAR) of the
Le Verrier ring. The same overlap occurs between the
Table 4 Positions (x, y, z) and velocities (vx, vy, vz) of
the eight satellites in Neptune inner and Triton reference
system (International Celestial Reference Frame - ICRF).
The epoch for the state vectors is February 1, 2017 TDB.
These values were extracted from the site web HORIZONS1
.
Satellites Position (km) Velocity (km/day)
-4.861598101194755E+03 -1.022607376451960E+06
Naiad 4.792192785052824E+04 -1.007473952748110E+05
-2.513901855087704E+03 5.737149709031385E+04
-4.536127084395342E+04 4.281143792543722E+05
Thalassa -2.123161142809179E+04 -9.145989649730624E+05
-6.882101766768756E+00 -1.064699239230846E+04
3.691546376852450E+04 7.013763660435721E+05
Despina -3.735597748047257E+04 6.933922389982601E+05
-4.305177328186073E+02 5.299076528200922E+03
-6.092150479333453E+04 1.639911934009283E+05
Galatea -1.118656310246041E+04 -8.931195696477976E+05
-1.351794468076787E+01 -8.423057548930225E+03
3.220023154660776E+04 -7.497834172900536E+05
Larissa 6.607288323931834E+04 3.643338200205931E+05
7.839652855768873E+02 7.040661389542341E+03
1.048292427174439E+05 6.050417340226601E+04
Hippocamp -9.118392454374658E+03 6.939273288189896E+05
-4.486626166000306E+02 1.032242074417382E+04
7.244449534921265E+04 -5.191391052146224E+05
Proteus 9.268331408207947E+04 4.052542585486157E+05
1.474307246998542E+03 8.462041124334502E+03
-3.384649833000187E+05 1.122533770419439E+05
Triton 9.055438292073048E+04 3.353923148048871E+05
5.562943106087373E+04 1.370100134831567E+05
1https://ssd.jpl.nasa.gov/?horizons
outer edge of the Lassel ring (0.908DAR) and the inner
edge of the Arago ring (0.908DAR).
Figure 3 shows the diffusion map for the region
surrounding the satellite Galatea, its co-orbital ring,
Adams ring and its arcs. The Adams ring is located
at 1DAR. For small values of e the ring particles are
in a stable region. The location of the coorbital ring
5Fig. 3 Diffusion map for Galatea region. Two rings, the co-orbital ring of Galatea and the Adams ring, are located in
this region
Fig. 4 Diffusion map for Larissa region. A stable region is located at 1.26DAR-1.4DAR
6Fig. 5 Diffusion map for Hippocamp region. Due to the small effects of the satellite, this region is stable. Hippocamp
can be in a 13:11 MMR with the satellite Proteus
Fig. 6 Diffusion map for Proteus region. All the MMRs shown in Figure 6 are related to the satellite Proteus
7Table 5 Geometric elements of the inner satellites of Neptune system. These values were extracted from Table 4
Satellite a(DAR) e I(
◦) $(◦) Ω(◦) λ(◦)
Naiad 0.7662936974 0.0028933904 4.3629736556 188.2828786823 138.9038344642 96.0416928089
Thalassa 0.7955775163 0.0003268493 0.6033164215 20.7223081675 24.3345566865 205.0851889228
Despina 0.8345261894 0.0002964914 0.5612815661 50.2566688896 11.4590451697 314.6928820767
Galatea 0.9842950420 0.0000704953 0.5311472156 182.0518196399 9.0559635089 190.4038414171
Larissa 1.1685233905 0.0010692628 0.7796604322 129.5811402013 12.4127449149 64.1321648913
Hippocamp 1.6727265144 0.0004180706 0.8832101088 344.0241374017 11.0844491331 355.0179103288
Proteus 1.8691460666 0.0003309937 1.0283412166 165.5275467689 7.7072669384 52.0269988864
Fig. 7 Diffusion time-scale for the region. The satellites are indicated as black dots
and Adams ring are shown in black dashed lines. The
MMRs are shown at the top of the figure , six MMRs
with Galatea (in orange colour) and two MMRs with
the satellite Larissa (in red colour). As can be seen the
Adams ring is close to the 42:43 MMR with Galatea,
as proposed by the confinement mechanism model.
Larissa region is stable from 1.26DAR–1.4DAR (Fig-
ure 4). The satellite clears the region between the diag-
onal black curves as expected. MMR’s with Naiad (in
black colour), Larissa (in red colour), Hippocamp (in
green colour), Galatea (in orange colour) and Despina
(1:2d) can be seen in the top of the figure.
Hippocamp is a very small satellite recently discov-
ered by Showalter et al. (2019). The region surrounding
this satellite is stable. Several first and second orders
MMR with Proteus, Hippocamp and Galatea can be
seen in the top of Figure 5, one of this resonance is
between Hippocamp and Proteus, 13:11 MMR. All the
MMR’s shown in Figure 6 is with the satellite Proteus.
Figure 7 shows the diffusion time-scale map for all
the region. An unstable region surrounds the satellite
Proteus, the largest one. The diffusion time is about
102 years. A large stable region can be seen between
the orbits of the satellites Larissa and Hippocamp. The
rings are also in stable regions (Figure 8), taking into
account only the gravitational effects of the satellites.
No dissipative forces were included in the system up
to now.
Figure 8a shows the diffusion time-scale (tD) for the
Galle, Le Verrier and Lassel rings for different values
of the eccentricity. The average tD is relevant for the
rings with large width. In fact it is relevant for the
Lassel ring since it is located in different values of logD
(Figure 2). Galle ring is in a stable orbit with diffu-
sion time of 1011 years, while the Le Verrier ring has
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Fig. 8 Diffusion time-scale of the rings: a) Galle, Le Verrier and Lassel rings and b) Arago, Galatea co-orbital and Adams
rings
an average diffusion time dependent on the eccentric-
ity. This ring has a very short lifetime for values of
e = 0.012. The Lassel ring has tD about 10
9 years.
Figure 8b shows the diffusion time-scale for the Arago,
Galatea co-orbital and Adams rings. Arago ring has a
diffusion time from 108 to 1011 years depending on the
eccentricity, while the Adams ring particles can sur-
vive up to e ∼ 0.012, after this value of e the ring
particle enters the chaotic zone caused by the effects
of Galatea. Galatea co-orbital ring can survive up to
about 105 years.
3 Ring system under perturbative forces
Regarding the dynamics of Neptune’s rings we showed
(section 2) that the rings are located in stable posi-
tions, some of them are stable only for small values
of e. However since these rings are composed of very
tiny particles, these particles suffer the effects of dissi-
pative forces, such as the solar radiation force. Figure 9
shows the strenght of the force due to the oblateness of
Neptune (aoblat), the solar radiation force (aSRF) and
the gravitational effects of the satellite Triton (aT) on a
1µm sized particle. These equations are given by (Mur-
ray and Dermott 1999; Mignard 1984):
aoblat =
3GMNJ2R
2
N
a4
aSRF =
3ΦQpr
4cρr
aT =
GmT
(a− aT )
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Fig. 9 Strenght of the forces in Neptune ring system as a
function of the distance. The locations of the satellites and
the rings are displayed as vertical lines
where Φ is the solar flux, Qpr is a constant taken as 1
(Mignard 1984), c is the speed of light, ρ is the density
of the particle (assumed to be 1g/cm3), r is the radius
of the particle, mT and aT are the mass and semimajor
axis of Triton, respectively.
As can be seen in Figure 9 the solar radiation force
produces less effects on the particles compared to the
effects of J2 and the gravitational effects of Triton.
In order to analyse the effects of this dissipative
force a sample of numerical simulations of the ring par-
ticles under the effects of J2 and J4 of Neptune and
all the eight satellites was carried out. Figure 10 shows
the time variation of the eccentricity of a representative
particle located in each ring, Galle, Le Verrier, Lassel,
Arago and Adams rings.
The eccentricity of a representative 1µm sized par-
ticle increases due to the effects of the solar radia-
tion force. However this increase is small (Figure 10).
9All the eccentricities remain of order 10−3. There are
two plots related to the Adams ring, the plot labelled
Adams-LER 42:43 means that the ring particle is lo-
cated in the resonance with the satellite Galatea. The
confinement due to this resonance reduces the increase
in the eccentricity of the ring particle. Adams ring
and its arcs are under investigation by Giuliatti Winter,
Madeira & Sfair 2019.
Due to the increase in the eccentricity, the ring par-
ticles can alter their radial excursions, but despite of
that they will not cross the orbits of any satellite. The
edges of Le Verrier, Lassel and Arago rings will have
the overlap increased.
Concerning the co-orbital ring to Galatea our results
showed that although all the small particles remained
azimuthally confined (no collision with Galatea was de-
tected), the smaller particle (1µm in radius) performs
radial oscillations of about 900 km, while the oscillation
of a particle of 10µm in radius is only ∼ 120 km. These
radial excursions do not cross the inner edge of the
Adams ring. Larger particles (30µm, 50µm and 100µm
in radius), as expected, stay close to the co-orbital re-
gion. In 105 years the semimajor axis of the smaller
particle decreases up to 7000 km, crossing the Arago
ring and the outer edge of the Lassel ring (57200 km).
The timescale for decay of the tiny particles caused
by the Poynting-Robertson component gives the time
each ring will cross the orbit of the satellite and there-
fore its lifetime. The Poynting-Robertson component
of the solar radiation force provokes a secular decrease
in the semimajor axis of the particle and the timescale
(τpr) can by given by (Mignard 1984)
τpr ∼ 106 r
Galle 1µm sized ring particles will collide with Nep-
tune in 5 × 105 years while larger particles (10µm in
radius) will take 5 × 106 years to reach Neptune. Le
Verrier, Lassel, Arago and Adams rings have similar
lifetimes, small particles (1µm in radius) will reach the
orbit of a given satellite in 104 years and larger particles
(10µm in radius) in 105 years. These values are given
in Table 6.
Plasma drag can also reduce the lifetime of the ring
particles, however, we did not include these force due
to few information on the Neptune plasmasphere. The
azimuthal force caused by the plasmasphere’s ions in
the ring particles is given by (?)
FPD = pia
2(n− nN )2r2ρi
where nN is Neptune’s rotation rate
(nN ∼ 10.9 rad/day) and ρi is the plasma ion mass
density. The plasma drag effect increases the semi-
major axis of the particles in the rings region. The
estimated time variation of the semimajor axis is
da
dt
∼ 10−2
(
ρi
1 amu/cm3
)(
1 µm
r
)
km/year
A very rough estimative was performed by assuming
the plasmasphere as composed primarily of H+ (1 amu)
and number density as 103/cm3 (Lyons 1995). We ob-
tained that the semimajor axis of 1 µm sized particles
increases of order of 10 km per year. The time to the
ring particles cross the orbit of the outer satellite is
given in Table 7.
We can also analyse the roˆle of each satellite in pro-
ducing ring material. A satellite can produce material
due to impacts of interplanetary dust particles (IDPs)
onto its surface. The material ejected can feed a tenuos
ring. By assuming the impactors mass flux at Nep-
tune’s region as F∞imp = 10
−17 kg/(m2s) and the mean
velocity of the impactors as v∞imp = 3.0 km/s (Poppe
2016), we determined the mass flux Fimp and velocity
vimp of impactors enhanced by to the gravitational fo-
cusing of the planet through the algorithm described
in Sfair and Giuliatti Winter 2012 and Madeira et al.
(2018). The mass production rate by an icy moon with
radius R is (Koschny and Gru¨n 2001; Krivov et al. 2003)
M+ = 1.2× 10−6R2Fimpv2.46imp
Figure 11 shows the mass production rate of the
neptunian inner satellites Naiad, Thalassa, Despina,
Galatea, Larissa and Proteus. The squares refer to
the satellites whose escape velocity is higher than the
velocity of the dust particles, while the circles are for
the satellites whose escape velocity is smaller than the
ejecta velocity. Therefore Galatea, Larissa and Pro-
teus can produce dust particles , although most of the
grains can not leave the satellites surface. The result
regarding the satellite Galatea is derived from Giuli-
atti Winter et al. (2019).
A crude estimative can be made by comparing the
mass of the ring and the mass production of a satel-
lite immersed on it. The mass of Neptune ring can be
calculated using the algorithm presented in Sfair and
Giuliatti Winter 2012. Assuming τ = 3.3 × 10−3 for
the Le Verrier and Arago rings their masses are about
5 × 108 kg and 4.5 × 108 kg, respectively. Lassel ring
mass is about 6×108 kg. Naiad, Thalassa and Despina
can produce dust particles and populate these rings in
less than 1000 years. However, these satellites are not
immersed in these rings and part of these particles will
10
Fig. 10 Time variation of the eccentricity of a representative particle of each ring. The name of the ring is shown in the
top of each figure. Each plot has two curves, without and with the effects of the solar radiation pressure. The effects of
this dissipative force is responsible for the small increase in the eccentricitiy of the 1µm sized particle
Table 6 Lifetime of the rings particles (1µm and 10µm in radius) due to Poynting-Robertson effects
ring t (104 years) - 1 µm t (106 years) - 10 µm cross the orbit of
Galle 50 5 collide with Neptune
Le Verrier 1.1 0.11 Despina
Lassel 4.8 0.48 Despina
Arago 8.5 0.85 Despina
Adams 1.6 0.16 Galatea
Table 7 Lifetime of the rings particles (1µm and 10µm in radius) due to plasma drag effects
ring t (years) - 1 µm t (years) - 10 µm cross the orbit of
Galle 400 4000 Naiad
Le Verrier 800 8000 Galatea
Lassel 700 7000 Galatea
Arago 600 6000 Galatea
Adams 1400 14000 Larissa
11
Fig. 11 Mass production rate of the neptunian inner satel-
lites
be lost until they can reach the ring. Nevertheless Na-
iad, Thalassa and Despina may contribute to the ring
population.
4 Discussion
The diffusion maps give an overview of the system pop-
ulated by small satellites and ring particles of Neptune.
The largest unstable region is surrouding Proteus, the
large satellite. Between the satellites Larissa and Hip-
pocamp is located the largest stable region. Several
MMRs of first and second orders were identified, as
examples, Thalassa and Larissa are close to the 17:18
MMR, Despina and Thalassa are close to 27:29 MMR
and the recent discovery satellite Hippocamp is in the
13:11 MMR with Proteus.
When only gravitational force is present in the sys-
tem most of the rings are located in stable regions.
The innermost Galle ring is further from the satel-
lites and is located in a stable region, while Lassel ring
(W = 4000 km) has its inner border stable depending
on its eccentricity. The same occurs to the Le Verrier
ring, this ring can survive the perturbations caused by
Despina only if its eccentricitiy is smaller than 0.012.
Adams ring is also stable for values of e < 0.012.
Solar radiation pressure is important for the ring par-
ticles of Jupiter, Saturn, Uranus and even Pluto. In
Neptune system this dissipative force causes only very
small variations in the eccentricities of the ring parti-
cles. The eccentrities of the ring particles are of order
10−3 due to the gravitational perturbations of the satel-
lites and stay at this same order even when the solar
radiation force is taken into account. The particles do
not cross the orbits of the satellites when these new
values of eccentricity are assumed.
The lifetime of the rings particles is probably dictate
by the decreasing in the semimajor axis due to secu-
lar effects of the Poynting-Robertson component of the
solar radiation force. Although the lifetime caused by
the perturbations of the nearby satellites is close to this
value (Figure 8). The lifetime of the rings composed by
1µm sized particles is about 104 years and about 105
when the particles are larger (10µm in radius). The
plasma drag may be an important dissipative force but
we need further information to constrain its effects in
the ring particles.
The satellites Naiad, Thalassa and Despina can help
replenish the lost particles of Le Verrier, Arago and
Lassel rings. The velocities of the ejecta particles are
larger than the escape velocities and the ejecta particles
can reach the rings. However, the satellites Galatea
(Giuliatti Winter et al. 2019), Larissa and Proteus also
produce ejecta material, but they do not have enough
velocity to escape from the satellite gravity.
A paper by Brozovic´ et al. (2019) was published dur-
ing the revision of this work. Brozovic´ et al. (2019)
derived orbital fits for the small inner satellites of Nep-
tune based on data obtained by telescopes, Voyager 2
and the Hubble Space Telescope. They found that the
satellites Naiad and Thalassa are in a 73:69 inclination
resonance, while Hippocamp and Proteus are in a 13:11
near mean motion resonance.
A detailed analysis of these probably resonances be-
tween the satellites and the satellites and ring particles
are under investigation.
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